Background Isolated acetabular revisions using standard cups are at risk of dislocation. The introduction of a nonconstrained dual-mobility cup was designed to improve prosthetic stability without increasing loosening rates, but it is unclear whether the risk of dislocation is reduced. Questions/purposes We therefore determined: (1) if the rate of dislocation in isolated acetabular revisions is lower with a dual-mobility cup, (2) implant survival, (3) patient function, and (4) radiographic incidence of migration, loosening, and osteolysis. Methods We prospectively followed 33 selected patients who underwent isolated acetabular revisions with a minimum of 2 years' followup (mean, 3 years; range, 2-5 years). In 24 patients a stainless steel dual-mobility cup was cemented into an antiprotrusio cage, whereas in nine we used a hyaluronan dual-mobility revision cup with a foramen hook and superior and posterior flanges screw fixations. We determined Harris hip (HHS) and WOMAC scores and examined radiographs for migration, loosening, and osteolysis. Results There were no dislocations. Survivorship rates of the femoral and acetabular components were 97% at 5 years; the rerevision rate for any reason was 3%. At last followup, the mean HHS increased from 48 points preoperatively to 86 points. No patients had progressive osteolysis, component migration, or loosening on radiographs. Conclusion In this select group of isolated acetabular revisions, our data suggest the use of a dual-mobility cup reduced the risk of dislocation without increasing loosening from 2 to 5 years. Level of Evidence Level IV, therapeutic study. See the Guidelines for Authors for a complete description of levels of evidence.
Introduction
Isolated acetabular revision is indicated when an acetabular implant is associated with pain, reduced function, instability, or loosening while the femoral implant is stable and in a satisfactory position [6, 22] . Approximately 15% of revision hip arthroplasties are performed for isolated failure of the acetabular component [9, 30] . However, isolated acetabular revisions reportedly have associated rates of postoperative dislocation ranging from 8% to 20% in part because the presence of the retained femoral component can limit the options available for head size, restoration of limb length, offset, and soft tissue tension [1, 14, 15, 25, 36, 38] . However, combined femoral and acetabular revision is associated with increased complication rate, surgical time, blood loss, and cost.
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The dual-mobility concept was introduced in the mid-1970s to reduce the rate of postoperative dislocation in primary surgery. With the dual-mobility cup, the prosthetic head is mobile in a retentive polyethylene (PE), which is free to move in a metal-backed cup [21, 35] . The dualmobility biomechanical concept is simple. The first motion occurs between the inner femoral head and the inner concave surface of the PE bearing, and the secondary motion occurs between the PE bearing and the acetabular cup when larger ROM is required. The bearing acts as a large femoral head articulating in the metal cup [35] . Advantages of dual mobility are greater ROM and increased stability of the implant. Philippot et al. [34] reported that the cumulative survival rate of the dual articulation acetabular cup, using surgical revision for aseptic loosening as the end point, was 95.9% ± 4.1% at 18 years postoperatively in primary cases. Although the dual-mobility concept is associated with a low rate of dislocation in primary THA, it is unclear whether this concept will reduce dislocations in isolated acetabular revision surgery.
We therefore determined: (1) if the rate of dislocation in isolated acetabular revisions is lower with a dual-mobility cup, (2) implant survival, (3) patient function, and (4) radiographic incidence of migration, loosening, and osteolysis.
Patients and Methods
We prospectively followed 33 patients who had isolated acetabular revisions with a dual-mobility cup at our institution from June 2006 to March 2009. The indications for revision with the dual-mobility cup were: (1) isolated acetabular revision for aseptic loosening or malposition, and (2) a well-fixed and well-positioned femoral component. The contraindications were: (1) revision for septic loosening, and (2) revision required for both components. During this time, all patients needing isolated acetabular revision were treated with this technique. There were 18 (55%) women and 15 (45%) men and their average age at the time of the index revision was 69 years (range, 51.3-82.4 years). Twenty procedures were performed on the left side and 13 on the right side. The mean interval from THA to revision surgery was 9.4 years (range, 2-18 years). The mean American Society of Anesthesiologists score before the conversion procedure was 3.17 [32, 39] . The preoperative diagnoses were aseptic loosening in 32 hips and malposition of the acetabular component in one. Eleven had cemented acetabular components, 10 of which were all-polyethylene and one was metal-backed. All cemented components were revised for aseptic loosening. Twenty-two acetabular components were cementless (17 porous-coated, three hydroxyapatite-coated, and two threaded). Twenty-one of the cementless components were revised for aseptic loosening and one was malpositioned. The retained femoral components were 27 modular femoral components and six monolithic (monoblock) femoral components with a fixed head size and neck length; in four cases, the monoblock head was 22 mm, and in two cases it was 32 mm. The minimum followup was 2 years (mean, 3.3 years; range, 2-5 years). No patients were lost to followup. No patients were recalled specifically for this study; all data were obtained from medical records and radiographs.
Acetabular bone deficiencies were classified according to the classification described by Paprosky and Magnus [33] using preoperative radiographs and the findings at surgery. Grade I deficiencies were found in one hip (3%), Grade II A in seven (21%), Grade II B in nine (28%), Grade II C in five (15%), Grade III A in seven (21%), and Grade III B in four (12%).
The direct lateral approach [12] was performed in 30 hips, whereas in three hips, an extensile anterior approach [10] was used to gain free access to the iliac bone. All acetabular cups, liners, and screws were removed. Pelvic bony defects were treated with fresh frozen morselized allograft in 30 (91%), whereas no bone augmentation was used in three (9%). The acetabular margins were defined and the cup always was positioned as close to the center of hip rotation as possible. In 24 cases, a stainless steel dualmobility cup (Avantage1; Biomet, Warsaw, IN, USA) ( Fig. 1 ) was cemented into an antiprotrusio cage screwed into the bone (Contour1; Smith & Nephew, Memphis, TN, USA) ( Fig. 2 ) using antibiotic-loaded bone cement (Palacos with gentamicin; Merck, Darmstadt, Germany) ( Fig. 3 ). In nine cases, we used an hydroxyapatite-coated stainless steel dual-mobility revision cup (Avantage1 Revision; Biomet Warsaw, IN, USA) with three superior pelvic flanges for screw fixation and a foramen hook ( Fig. 4 ).
In case of monoblock femoral components, the dualmobility cup was assembled in situ ( Fig. 5 ). Femoral component version was noted at the time of revision, and revision acetabular components were positioned to obtain a total of approximately 40°anteversion. Intraoperatively, stability was examined by observing for dislocation while the hip was put through the full ROM possible and by observing for displacement while applying traction to the limb.
Postoperative management included bed rest for 5 days with the leg in abduction and then, depending on intraoperative bone quality and the resulting reconstruction of the acetabulum, the patients were allowed to walk with partial weightbearing using crutches or a walker, with full weightbearing after 2 months. Antibiotic prophylaxis (15 mg/kg vancomycin every 6 hours) was discontinued at 72 hours. Subcutaneous low-molecular-weight heparin was used as a routine preventive measure for thromboembolic problems until the patients were fully mobile.
Routine clinical and radiographic examinations were performed preoperatively, and postoperatively at 3 and 6 weeks, 3 and 6 months, 1 year, and then annually. The clinical evaluation was performed using the Harris hip score (HHS) [13] and WOMAC score [19] . Complications were recorded according to the classification of Dindo et al. [8] . Instability of the hip was defined as a dislocation or a subluxation. Subluxation was defined as perception by the patient of an abnormal hip movement accompanied by an audible thud or clunk of the hip often associated with pain. Two of the authors (RC, CC) evaluated all radiographs for osteolysis, inclination of the acetabular component, stability of the acetabular and femoral components, and hip center correction. The interobserver measurements errors of osteolysis, hip center of rotation, and degree of inclination of the cup were 2%, 3%, and 2%, respectively. Loosening of the socket was defined as cup migration exceeding 3 mm, angular rotation exceeding 3°, or a continuous radiolucent line wider than 2 mm. Measurement of preoperative and postoperative center of hip rotation was estimated by measuring the position of the implant with respect to fixed pelvic landmarks. Two reference lines were drawn: one horizontal reference line between the inferior margins of the teardrops was used to evaluate vertical position and migration and a perpendicular line tangential to the medial aspect of the teardrop was drawn to measure medial position and migration [28] . Parameters investigated on the femoral side included progression of radiolucent lines according to the seven zones described by Gruen et al. [11] and subsidence of the stem. Loosening of the stem was defined according to the criteria of Barrack et al. [2] . Definite, probable, and potential evidence of loosening were considered in this study. Periprosthetic cystic or scalloped lesions exceeding 2 mm in diameter that had not been noted on the immediate postoperative radiograph were defined as osteolysis. Heterotopic ossification was evaluated at the last followup and classified according to Brooker et al. [5] .
A Kaplan-Meier survival analysis was performed to calculate the survival curve of the dual-mobility cup. The Wilcoxon signed rank test was used to compare preoperative versus postoperative values in nonparametric values as the HHS, WOMAC score, and hip center of rotation. All statistical analyses were performed using StataTM Version 6.0 (College Station, TX, USA).
Results
There were no acute postoperative complications and early or late dislocations.
The survivorship rate of the femoral and acetabular components was 97% at 5 years (95% CI, 82%-98%). Revision arthroplasty was performed in one hip for infection at 6 months, treated with successful two-stage resection and reimplantation with a porous tantalum cup (Zimmer, Warsaw, IN, USA) and a modular tapered revision stem (MP, Waldemar Link, Hamburg, Germany).
At last followup, the average HHS improved (p = 0.002) from 48 preoperatively (range, 32-68) to 86 (range, 66-95) postoperatively. The average total WOMAC score improved (p B 0.001) from 79 (range, 41-96) to 19 (range, 8-37) postoperatively.
The vertical distance of hip center from the interteardrop line was 33 mm (range, 12-53 mm) preoperative and 18 mm (range, 3-33 mm) postoperative (p = 0.001). The horizontal distance was 17 mm (range 3-29 mm) lateral to the medial aspect of the teardrop preoperative and 34 mm (range 21-41 mm) lateral to the same landmark postoperative (p = .0009). The preoperative existing vertical and medial migration of the center of rotation of the surgically treated hip was substantially corrected after surgery. Of the acetabular components, 18 (55%) had no radiolucent line, seven (21%) had a radiolucent line in Zone I, five (15%) in Zone III, and three (9%) in Zones I and III. In all these hips, the radiolucent lines were less than 1 mm in thickness and were nonprogressive. The 32 (97%) femoral components that were not revised were well fixed, and there was no potential or pending revision. We did not identify any patients with progressive femoral osteolysis, component migration, or loosening. 
Discussion
Controversy exists regarding whether to remove a wellfixed femoral component at the time of revision of a failed acetabular component [9, 22] . Obvious advantages of isolated acetabular revisions include shorter surgical time, less blood loss, and fewer complications. Disadvantages of leaving a stable femoral component in place are a more technically challenging operation owing to limitations of exposure associated with an intact femoral component and an increased rate of postoperative dislocations, because retention of the femoral component is associated with difficulty in balancing the soft tissues and decreases the ability to construct a stable hip. We therefore determined:
(1) if the rate of dislocation in isolated acetabular revisions is lower with a dual-mobility cup, (2) implant survival, (3) patient function, and (4) radiographic incidence of migration, loosening, and osteolysis.
There are limitations to this study. First, we had a small number of patients (33) . There are few series of isolated acetabular revisions reported in the literature and their numbers are similar to ours, ranging from 13 to 95 patients [4, 6, 26, 27] . Second, we had relatively short-term followup after revision surgery. However, when analyzing dislocation in hip revision, it must be considered that approximately 90% of the dislocations occur within 3 months of surgery [4] . Third, we used two types of acetabular cups. However, although different in anchoring to the bone, the two implants share the same geometry and biomechanics of the dual-mobility system.
We observed no dislocations using this technique in isolated acetabular revisions. There are several reports which documented a higher incidence of dislocation compared with revision of both components (Table 1) . One series of 211 hip revisions [36] had a dislocation rate of 20% after isolated acetabular revisions compared with an 8% rate after revision of both components. Similarly another series of 63 isolated acetabular revisions followed for a minimum of 60 months had a dislocation rate of 8% [14] . Recently Schneider et al. [37] had 10 cases of dislocation (10.4%) in a series of 96 revisions with a reconstruction cage and a cemented dual-mobility cup. Langlais et al. [21] reported a dislocation rate of 1.1% at 5 years after revising both components ( Table 2 ). Massin and Besnier [27] prospectively followed 23 THA revisions involving acetabular component replacement with the use of a cementless dual-mobility cup. At last followup (range, 2-10 years), there was one isolated dislocation and one recurrent dislocation associated with a loose greater trochanter nonunion. Leiber-Wackenheim et al. [23] , in 59 recurrent THA dislocations treated by a cementless dual-mobility cup, reported a dislocation rate of 1.7% with a minimum followup of 6 years (mean, 8 years; range, 6-11 years) without loosening or migration. Levine et al. [24] , using a similar tripolar construct, concluded that it was effective in eliminating or preventing instability in 93% of the complex cases treated.
The survivorship rates of our femoral and acetabular components were 97% at 5 years with a rerevision rate for any reason of 3%. Langlais et al. [21] reported a cup survival rate of 94.6% in 85 cemented dual-mobility cups for THA revisions in patients at high risk of dislocation ( Table 2 ). In their followup of 2 to 5 years, the cemented dual-mobility cup had better survival than constrained cups in hips at risk of dislocation and with recurrent loosening. Schneider et al. [37] reported a survival rate of 95.6% at 8 years with 10 cases of dislocation (10.4%) in a series of 96 revisions with a reconstruction cage and a cemented dual-mobility cup.
In the study group as a whole, there were symptomatic relief and functional improvement after revision and the HHS increased by a mean of 38 points to a mean of 86 points. This compares with a range of 69 to 88 reported in previous studies (Table 1) . We found no patients with osteolysis, migration, or loosening. Comparing our data with published data, the incidence of aseptic loosening for the acetabular cup has reported ranges from 0% to 8.4% and the incidence of pelvic osteolysis ranges from 0% to 7% (Table 1) .
In this select group of isolated acetabular revisions, our 2-to 5-year data suggest the use of a dual-mobility cup was successful to reduce the risk of dislocation by increasing functional diameter of the head without increasing loosening and that acetabular revision could be performed without removing or revising a stable, well-fixed femoral component. 
